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Wbter Presldeat ead coX1eagwa i t  I s  indeed PI great honor and plsasure 

for me t o  have h e n  invited 
' /  . .  

Roentgen' 6ocfety, When our C t t m  colleaguee v i a i t  us in rhe United State88 

attempt to retrad p ~ p  contribution in German, I only hope that when Z have 

flatshed. you w i l l  not look at each other and eay W e l l  a t  least I have 

lea-d one thing, never before did I realize bow mcb the English l w u a g e  



WIOBIOLUGICAL MIS FOR THE l4€lOI& _ . -  ..-,.. 
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R4bIATZO3 SYUD&oME 
* 

Z t  is of course well-known that whole body radiatfon profoundly affects 
I 
I cell populatious tn the hemtopolstfc system. This occura fn dl swciee; 

however them am marked sp3cies differences in sensitivity aad In the t i m e  

cour8e of event8, ThL3 f 8  illustrated in the f i r s t  slide, rand may I now 

hrzvet the f i r s t  s l i d e  p1e8t;o. 

GfLde 1 - 
&re wa aee the neutrophilic granulocytes on t b  ordiaats plotted 

agafast days a f t e r  radiation on the abici888, for three species. The 

dose levah are in the 8- range, srrolrrad 350 r. Note that tha +de i o  

little effected et this dose level; the dog a d  man are profoundly 

effected. Note also the marked difference in the t i m s  cam@ o f  avmt8, 

with changes occurriq$ quite rearty in the rat, fatcsr in the dog, and 

still later in man. Slide off please, 
I 

It is my purpose n w  t o  present exparinteatat data, of! our own and from 

the literature, t o  e+- th@ degree t o  whlch tbat progound and potentially 

lethal affects on the hemetopoietic tfrsueo CAU be explained on the basiia of 

I C Y ~ Q ~  effects o f  radiation on involed l m a t o p i e t i c  cells tlrernrtslves. Or 

alternatively i s  it raecesrsary t o  invoke at€tw,perkps more generalfeed 

csyrstemic cbng@$8that indirectly or sseconciarily result in the prafound marrow 

aplasfa Etnd pancytopenia that i r  man. 

hypothat3is t o  explain the martred specieo difference i n  8entiitiVity, and the 

X shall also advance a.tentative 

ararhed difference i o  the tims course o f  events oeen in dif€ereat species. 

In general, the radiation dose levels referred t o  f a l l  roughly in the range W 
Ln whfch clinical  d f e s t a t i o a s  are chiefly the result of bone marrow damage. Ln whfch clinical  d f e s t a t i o a s  are chiefly the result of bone marrow damage. 
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I .&all not be dealing with higher dootp 1~veZs in which damp t o  the b m a l  

epithel&m, ar awn to the central u~sevous by0tarn. m y  laad principally t o  

the slfmptomatofogy seen. Also, because of the ahort time available, I shall 

diecuss principally the q810cytic eerieas. Damage - t o  thio system correlates 

well w i t h  mortality rate, although daraage t o  other ca l l  ororieo are obvlous1y 

of fmport- also. ftencs, unless stated othaxwits, X ahal l  bs epscSEing of 

the neutrophilic ~BP@S. 

E e P c m  proceeding, i t  is necessary to  rpcsll the general natura of any 

proliferating system such 88 the bow marrw. A model €or thia system can b3 

drawn as complicated 88 o m  wishes. la Slide 2 is shown a dfragtaa indicstizqg 

a highly mer-simpliffed d e l ,  shovfng the conpartmnts that muat be pramat. 

Slide, 2 - 
I .  The slide is rather self-explanatory. A o t a i  cell must exist. 

The celZ c-t onlyproduce daughters that  are capable only uf 

maturation &/or: fur ther  dfvlsioa with ultimate function aad dmth, 

but also ce2le which are cspsble o f  producing daughter@ that are etem 

cells. The morphological identity of t b i e  stem cells in not known 

with certainty. Nor (am their relative numbere, b w n ,  although thay 

must constitute a f r a c t h a  of om per cant of the total  marrow cells. 

Division of tha atem 

. 

. .  

t a  
lls/produce -re stam'colla can be t e k  

(guOt@ 8 )  'k rt f C  sf'* quotes) division. Tbat which produces 

mturoting- cella can be called (quotes) 4%orizontal*s (end quotis) 

dfvfmiuns. 

mrzow, one muld expect 

. I  

Ln the dividing end maturatfw cmp&trnnta of' the 

- more mature than imaature cells. In 

the simpieet concept o m  e x p o i t * t b  relative number8 t o  

increase approximately exponentially with dogrm of maturity. 

not known how &my diwbiomare wdergom by ' a celr i a  the entire 

It i a  
. .  

JtJ 
. 
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amturating pceabb. Mor is it known accurately, the total t h e  frm 

which a cs'll become recogrrlaabls ad a myalotyrlc precursor, until it 
, 1  

~~atUYfateS, MC-8 f U W t $ O X i d  an8 dies. Aa eStimt@ Le ShoWn at thQ 

bottom of the slide howvat aad it is probablqr that th is  time is.., 

. approximately three, ' to three and one half daye gor the cedents . 

parhapa five to six days for the dog and man. , Slide off please. 

Let us bow turn to the effects of radfation on them vaxiouer compartments Let us bow turn to the effects of radfation on them vaxiouer compartments 

b the hemopoietic oyGtem. Significant effects on the ma-divfdlng 

~ t u r s t l n g  and functional cells fn thQ usrrow and blood can bo dfmnisaed'at 

once. Doses required for direct deuJafEe to these ~@ocytic cells are far 

beyond the r q e  of biological Lntereot bar%. &at us then deal first with tho 

effects ob radiation on the stem csll cornpartnoat, and thcsn on the divfdiag 

md maturating calls af tha psrrotf. 
' ,  

First, then wfth regard t o  tho etem cal l  compartment. Considarable direct 

iufomat&on is mailable with respect t o  tk lr  sensitivity, at least La the 

wum. And one can deduce additional infomation from so-called (quotes) 

nf3uprvLval" (end quotes) CCONBS that have been obcabaed -0 first for maaeaaliam 

cells g r m  in cult:urea Bna later for a variety o f  'rtryrertems. Such B survival 

for WU$e CeIlrC, takm ft- tba Wrk Of Till anid k C U I I U U s h ,  f 8  

shown in the next slido. k y  I haw tb next sllde please. 

SlLde 3 

I x k  them studies bone marrow was irradiated either i n v i t r o  or 

& vivo, 'ilrc irradfated marsow wm then fnjected into heavily irradiated 

recipient mice, and the survLval of rstenr celfs ln the irradiated injected 

or 



Tim general nature in  the s 2 a p  of thi8 curve is the iwm@ as th?t obttlimd 

for €ieU cdllrp in culture and for  o variety o$ ogholc proliferating cell.$ 
f 

, t y p s  in other systems. Before rcsnsrkixag further OR this curve. 

. 1 .  . an0 meanfng of a l l  such curvcp~ so far obtained. 

but the mactoltq of survival is opeclal, 

a& its progay have b e n  able to contiwe t o  divfde long €?UOtsgb so that 

an entire clone €is.&? devdogcd. With BIa cells, thoso awe visible 

Survival msum that tb cell 

coloateo on the arter ( a )  plate, With stem eslf8, i t  is a visible 

saverat day6 t o  w m b ,  Thus survival dm8 not WBOL l ife or death of 

t b  cell as detorzdaed by morphologfc dzmge t o  t b  directly radiated 

cell, which might be vieeible on the raic~oscopa after aom €ew hours or 

dqm. Whether murvival is a measure of the prolfferative capacity of 

the irradiated cell the capacity f o r  euetained proliferation o f  f t  aab 

i t s  progeny, 
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T$trd, it is important to realtze the course of events betseen the 

&any ~ ~ 1 1 8  t i m e  of axpsures, and that o f  acotiag, ~evur@f dars! later. 

have sk?n chnnnosmal ox O t h e r  cytological d&wge, and the nsmber 

that strows rsuch d m a e  iucreasest greatly with fncressitq dose. 

Presumably the proli€erntive capacity of a cell, as indicated by colony 

sfm after 8. parid of time can be curtailed wtth vfsfble evidence of 

dnaags t o  the origitrrrl cell  actually radiated, !&us the sualitx (LB wall 

aa quantity of eurotviug calls ~ F I  affected, 

coap not survive o m  division, 

me, two, three or/more division, before a l l  progeny dias. 

aan-injured cells, o r  elighely injured cells will survive to prduce a 

Thci more oaverely injured 

The lesa severely injured m y  80 through 
even 

Only completely 

sustained clone of calls. ffovzver, them is good cwfdeaee from )33h 

cell studieer that even the (quoto) *‘survivors‘* (end quote) my hare LL 

generation tkaa. With increasing doso, tb cofozdee that survive rare 

. .  smaller. 

WQ might ahen expCet, that *en 8 population 6f groxifi?r.iting 

atam cells Ln tha marrow fe f.rra8latedS that similer events mu1d occur. 

A t  iracmacing, but’ sttll rslativaly low dosee, few cells would be able 

to proliferate at al l ,  and 

A t  bigher dotpeer, w s t  would 

relatively lntact or C O R $ h t E ! ~ ~  Lntacr cettr; wntld tmiain t o  replentoh 

the population. 

f these for only 8 f e w  dfvisioa. 

wive evaa One division, and Only the 

We may now tetura specificarty to  the curve &om here in Slide 

2 for the3 muse, Fais almost certatnly is for stem c d l c  in thz bo- 

mrl~rw, and each colony counted i n  the spleen of the hemfly Lrrsdtated 

daughter represent$ probably a single survi- efan cell ia the 

’ 

a 



would be incapable of  cluatairdag the population OF producimg a vioible  

d u l a ,  %%at %a t o  say, s m  irradiated s t m  csllo divtde csniy twice 

@om only th- timco etcetera befero a l l  progeay die,  Slide off please. 





maturatiag-dividLng ~ e f f d ~  OM can then enttcipats what wJauld bppon in  tha 

irradiated ~tn~rmxa ft 

is eaeier bere Lraitialfy to look at  highor dose 1 0 ~ ~ 1 s  in the high l e t b l  

range or s o ~ ~ w h t  faigbr. €bra? no eurvfval QCCUTS a0nn;ally em3 w are dealfag 

with the eo-celled degezuxatfw phase of b o a  mrsw d w e  only. More 

quartitativcs data oil rrrunbQti og caXle, not obtairuxble: with anoars aXon0, are 

, 

gee ff the predictions agree with pLvaflhnble data. 

quirad f o r  evalucthi. Such data are eivaflablo aoly for  the rodent as 

on the neat slide, Rext slide ploaoa. 

‘ 

&to Ls shemi a plot o f  the total nzmb&t: o f  ce l l s  in the bono 

marrow of  the rat fersarr, vex6iu~ days rafter eight hundred rwble  body 

Lrradiatim. 

of a11 stages of taturatton, Rote tbt the c u m  has a (quote) ‘$houldar” 

(end quota); parhapa reflecting t b  tim required forrrjny of the cel lo  to 

pase through stages of tb cell cycle preceding mftosia, Thg c u m  then 

tbfd ~presmtcs tb rdat iva  number of ayelogoistic cells 



1. 

, I&= a m  ebwa the curves for the talrntiva number of grauulocytea 

tho dog, the rat a d  mnn, sn8 the doGes are of tta3 @am@ order of wgnitudg 

but high -II, aroulnd efsht hundred t o  a t h a u s d  T. It w i l l  be noted that 
4 

in the bo- mOSProW ratch& 8 dnlpmua, The cmmwbt earlier decrease 

for the dog %e probably due to tha fact that the dose o f  radiation w m  

hlgher than for tbe'rat. The humin data are cmpllcatad by tha fact that 

: i .% 

I 

dosa to  tbe tissue8 was mrrrkedly non-uniformr Nmetbfsss, thf3 graaufocpter 

were depleted by bay five t o  six. SllBa off plcsaael, 

mst zepopulate their cwa,Lind, 68 well 88 ettampt to feed cells into the 

aaturat- pool. The cells that vofe irradiated *ire msturati- efthar 

_-. z 1 



dfa or !3intUt8te at eSaa~tf&ly tbo tlormsl rate, d, vith little or no 

reqhxemnt from t€s &tern cells, ths taa~pow ie cmgletely devoid of f o m d  

precursor eleneats ia the expected t ime o f  three t o  f ive dlaya. 

paziphtaral blood, this i s  rcsflected 57 eesontiallp total depletion o f  

pripherarl neutrophlles by dray four t o  six. Tha indfvltdual dies la few day0 

after graaulosyte depletion, Tho exact ttraa depends in  part on &ha tiam azu3 

mtura  of the infection that i s  certain to dewlop, and part on vhen the. 

In the 

pfc tu=, 

t?e may now prowed tQ tha regenerative p b ~ ,  it is intttally easier. . 

t o  deaf. vith relatfwelp high radiation dose levels. ' Here spontaneous regearam 

tfon is p088fbb fW tbe rOdBELta but mt for tb dog or for  man. f haw 

the next elide pteme. 

Glide 8 

&re we 8ee the blood granulocyte count plotted against day5 after 

whofe body exposure1 f o r  the dog aad tb rat. At the higher dose lev~10, 

SpOntanCOUS rege=ration Ls passible for the dog. However Sca~~rmaa~ 

regeneration occurs in  dag ob wiu only i f  ao~lmrrow, chat i s  to &try 

normal stem celZs' are injected after reditition, ' In the rat, i t  is 

seen clearly that regemration begins early -- w earIy a$ the fourth 

r f i f th  day. But is also seen that this regemration 56 ehort-lived 

* .  

' i  
1 
i 

has bean ter;aed ( otas) Wot t i ve  rrgenorstioda (end quote), and 
, 

may wall he reflected 

rpix are seen small i a l  

cells that oan be identtf 

2aetst In the rat, 

geuerationlP (end quote) , ,of 
C.  Rowever wmy of the cells 

day five or 

re reduced in alze or appear 
, I  , 



I 

- 

I - Ll - 
to have disappmr@d one to two days later, when the cello hmve had o 

chaw3 t o  divfde a 6ea mora tiws. This could ba fntarpt-etcd that 

only the coloafes dsrfvod frm rolratively unaffected os ccmgletely 

wzsffected cella can pgoifuce sustafncd colmie8, a d  it i s  tbse 

relatively uaaf€ected ce l le  that proceed to tho true d sustained 

regeneration s e a  later, This pewmnt  o@ge?s3raricm is reflected in 

trZ0 mlatiwly m o t h  @mlocyte curve seen boyod dbr tselve. 

Now let us look at the c u m  for tbe dog at: 01zgr thousand %. 

A t  this dorsa death is certain in eight to tvalvo days, evaa if 

sreplacessnt wwureta such a8 plateleta, fluids 

used. bwsver, if 00 iratravertorrs infusion o f  tka dog8 QPJP bone marrow 

is given, the rnamw mgpaorlsltrse with renatblbto zopldity a8 reflected 

in  the curve 0 ~ 1  tha slfde, and the aofrasl gukvivoti. Apparently emugh 

rrolptal stem cells Eanva been added to tb surviving relatively intact 

oms, such that regernration can proeeed sufficiently far aad fas t  to 

prevent death. A t  tb far right 5a tha s l ide ,  for comparieoxx, i a  given 

the mgenoretlve cuts% €or e dog expooed to a wch l m r  dose. Tha 

antibiotics are 



(quote) ''trUC?' (end quote) regenorativa clonao ia both 8p9cie$, This would-! 

indicate that ths do8 arnd rat act BLfPareatly with rwpsct to lethal doos end 

tins course of evmfa aPtsr eqx~3ure, becarass of differential sensitivity of 

tha otem cell popularion, or the ability of thfs im%?.diated population to 

fedinto the mturatin$ cell groups. A t  s i x  W r e d  or B @ W ~  hundred r ,  

the rat him remainiw stam cella in s;ufflcieat tyatmtity, and o f  such quality 

that reg0neratioa is possible befopat peripheral blood depletion l a d s  to 

death. The dog at  thts high dose b e  80 f ew intact stem cella that adequate 

regeneration i s  rmt possible &€ora death onstsea. 

uarrott rageasrates rapidly oftar Bone nxarrm infusion, at doooe of radiation 

The face that the dog 

Pour t o  five t i e s  the otherwilse lethal dose, indicates that it I s  not 

resulting in  coatirrued uarrow aplaoier, or a supgmaetng (quote) *'feedback" 

(end qwta) fton the e p h n  or ottwr orpn that i s  mspozmible f o r  prolonged 

marrow fatlure and delayed regeneration at low dosea in the dog and man. 

Ratbar, It tip much mora likely t o  bo gualitaeLve d qurnntitertiv0 dffferencerc 

in effects of radiation on tbe stem ce l l  papulatfcm. 

%e fact that the came €or rrperationr for tho untreatad dag, at om-fourth 

delayed than for. ther W-1 receiving a much hfgher radiation dose, plus 

marrow, This can be taka as evidence ttzst the remaining irradiated atem 

cell@ are not m2y reduced in quantity, but fa quallty as well, Or alteraatlvely, 

it could isflect slmply a greater uumbr of fully viable steat cells in the ~ m O  

treated animal. Purtbt  evidence for  quslitetim dafecte t& explr~tn thlst 

pb-mn w i l l  ba s k m  in the last two Salidepi. Prolit orlide please. 



early sad marked. The count is n o w 1  or above noma1 

Howvet, L markedly ddffetent rritustloa exist@ for the 



required for th% counts to gat1 t o  2~r0  t 0  quite lone in the dog and 

man a$ compared to tho rat. PZ,eh%s eventual marked fa l l  ware due w r o l y  

t o  kflling oE &tern CBUB, or killing 011: injuriw maturating-dividing 



.. 
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chaqgw resulting directly f roa  tb axpaare o f  the stem cello, and @pede@ 

difference8 relative t o  mmaitivfty and t u  cwrae of events'appar to 

dcpcnd t o  o large degree on dffforantial eeasitivtty QE the bona marrow ' 

.$item cell populations 20 cla3th and injury. 
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